Barttin is an accessory subunit that modifies protein stability, subcellular distribution, and voltagedependent gating of ClC-K chloride channels expressed in renal and inner ear epithelia. ClC-K channels are double-barreled channels with two identical protopores that may be opened by individual or common gating processes. Using heterologous expression in mammalian cells and patch-clamp recordings, we studied the effects of barttin on gating of rat ClC-K1 and human ClC-Ka. In the absence of barttin, rClC-K1 channels displayed two gating processes with distinct kinetics and voltage dependence. A fast gating process, activated by membrane hyperpolarization, opens and closes individual rClC-K1 protopores. In addition, slow common gating steps, stimulated by membrane depolarization, act on both protopores together. Coexpression of barttin results in voltage-independent open probabilities of the common gate, causing increased channel activity at physiologic potentials. In contrast to rClC-K1, human ClC-Ka is functional only when coexpressed with barttin. Single-channel recordings of hClC-Ka/barttin show double-barreled channels with fast protopore gating without apparent cooperative gating steps. These findings demonstrate that barttin stimulates chloride flux through ClC-K channels by modifying cooperative gating of the double-barreled channels and highlight a physiologic role for gating of epithelial ClC chloride channels. 21: 128121: -128921: , 201021: . doi: 10.1681 ClC-K channels form a subgroup of ClC channels expressed in the kidney and the inner ear. 1-3 ClC-K isoforms were cloned from rats (rClC-K1 and rClC-K2 4,5 ) and humans (hClC-Ka and hClC-Kb 6 ) and shown to fulfill distinct cellular functions. ClC-K1/ ClC-Ka mediates apical Cl Ϫ influx and basolateral Cl Ϫ efflux in the thin ascending limb of Henle, and ClC-K2/ClC-Kb represents the anion efflux pathway necessary for NaCl resorption in the thick ascending limb of Henle. In the stria vascularis, both isoforms cooperate in mediating basolateral Cl Ϫ efflux necessary for active K ϩ secretion by marginal cells. 1, 7, 8 For the majority of ClC-K channels, heterologous expression results only in measurable anion currents when expressed together with the accessory subunit barttin. 1,3,9 -11 Rat ClC-K1 is the only ClC-K isoform that is functional also in the absence of barttin. 4, 11 Barttin regulates the number and the activity of ClC-K channels by modifying stability, 12,13 intracellular trafficking, 9 -12 and also the function of these channels. 11, 13 Naturally occurring mutations in the gene encoding barttin (BSND) result in Bartter syndrome type IV characterized by sensorineural deafness and salt-losing nephropathy. The modification of channel function by barttin appears to determine the severity of renal symptoms. We studied various disease-associated barttin mutations found in patients with Bartter syndrome type IV and demonstrated that mutations associated with severe renal phenotype abolish channel activity. 13 In contrast, a BSND mutation that affects only the chaperone function of barttin and leaves the function of ClC-K/barttin channels unaffected caused nonsyndromic deafness. 14 To further understand how barttin modifies the function of ClC-K channels, we studied voltage-dependent gating of two ClC-K isoforms, rat ClC-K1 and human ClC-Ka, expressed either alone or together with barttin. ClC channels exhibit a unique double-barreled architecture with two independent ion conduction pathways, the so-called protopores. This architecture results in two structurally distinct gating processes, the opening and closing of individual protopores, and also the cooperative gating of both protopores. Our experiments demonstrate that barttin activates ClC-K channels by constitutively opening common gates.
phenotype abolish channel activity. 13 In contrast, a BSND mutation that affects only the chaperone function of barttin and leaves the function of ClC-K/barttin channels unaffected caused nonsyndromic deafness. 14 To further understand how barttin modifies the function of ClC-K channels, we studied voltage-dependent gating of two ClC-K isoforms, rat ClC-K1 and human ClC-Ka, expressed either alone or together with barttin. ClC channels exhibit a unique double-barreled architecture with two independent ion conduction pathways, the so-called protopores. This architecture results in two structurally distinct gating processes, the opening and closing of individual protopores, and also the cooperative gating of both protopores. Our experiments demonstrate that barttin activates ClC-K channels by constitutively opening common gates. Figure 1 shows whole-cell recordings from mammalian cells heterologously expressing rat ClC-K1, either alone ( Figure 1 , A through C) or together with the accessory subunit barttin (Figure 1 , D through F). In the absence of barttin, rClC-K1 currents increased instantaneously upon voltage steps in the positive as well as in the negative direction ( Figure 1A ). At positive voltages, instantaneous increases were followed by time-dependent current activation, whereas-upon membrane hyperpolarization-currents first activated and then subsequently inactivated. The biphasic time dependence at negative potentials in the absence of barttin ( Figure 1A ) suggests that rClC-K1 exhibits two gating processes with distinct kinetics and voltage dependence, resembling fast and slow gates of other ClC channels, such as ClC-0, ClC-1, and ClC-2. 3 Fits to the time course of current relaxations at various voltages provided fast and slow activation and deactivation time constants that are only moderately voltage-dependent ( Figure  1B ). To determine the voltage dependencies of the two different gating processes, we first plotted normalized isochronal current amplitudes immediately after a voltage step to Ϫ125 mV versus the preceding voltage. The so-obtained open probabilities did not change significantly with voltage ( Figure 1C , filled circles). However, after depolarizing prepulses, rClC-K1 tail currents at Ϫ125 mV activated to maximum current amplitudes followed by a slower deactivation, indicating that the open probabilities of fast and slow gates are voltage-dependent. We took advantage of the different time courses of the two gates to separate voltage dependencies of fast and slow open probabilities. Depending on the slow gate open probability at the end of the prepulse, currents activated on a fast time course to certain maximum amplitudes and then slowly deactivated. Extrapolating the slow current decay to the beginning of the test steps using a monoexponential function ( Figure 1C , inset) allowed determination of the voltage dependence of the relative open probabilities of the slow gate at the end of the variable prepulse ( Figure 1C , open triangles). Assuming that fast and slow gating are independent of each other, relative open probabilities of the fast gate were then calculated by dividing the channel activation curve by the relative open probabilities of the slow gate ( Figure 1C, open squares) .
RESULTS

Fast and Slow Gating of rClC-K1
Coexpression of the accessory subunit barttin modifies the time and voltage dependence of rClC-K1 currents 11 ( Figure  1D ). When coexpressed with barttin, rClC-K1 currents activated upon hyperpolarization and deactivated upon depolarization. There were no indications for depolarization-induced activation, such as those observed in rClC-K1 without barttin. Kinetics and voltage dependence of rClC-K1/barttin gating resembled fast gating of channels without barttin. Activation and deactivation could be fit with a single exponential function with time constants around 10 milliseconds ( Figure 1E ). Separation of fast and slow gates by inserting a 20-millisecond step to Ϫ180 mV revealed that the slow gate is open throughout the entire tested voltage range without appreciable voltage dependence ( Figure 1F, inset) . 
Insertion of a Gating Glutamate into rClC-K1 Inverts the Voltage Dependence of Fast and Slow Gating
A glutamate belonging to a conserved motif (GK E / VL GP) at the amino terminus of the F helix was proposed to serve as the fast gate in various ClC channels. [15] [16] [17] ClC-K channels are the only mammalian ClC isoforms that carry a neutral side chain at this position. A point mutation inserting a negative charge-V166E-inverts the voltage dependence of both the fast and the slow gates of rClC-K1. Hyperpolarization caused slow activation of V166E rClC-K1, whereas depolarization elicited faster activation ( Figure  2A ). Time constants of the fast and the slow gates lay within a similar range between wild-type (WT) and V166E rClC-K1, albeit with altered voltage dependence ( Figure 2B ). In the absence of barttin, the relative open probability of V166E rClC-K1 channels increased with more negative voltages ( Figure 1C , filled circles). To separate both the fast and slow gates of V166E rClC-K1, we inserted a 2-to 5-millisecond voltage step to ϩ180 mV ( Figure  2C , inset). This short pulse is long enough to fully activate the fast gate without significantly affecting the slow gate. The dependence of the isochronal tail current amplitudes on the preceding voltages yielded the relative open probability of the slow gate ( Figure 2C , open triangles). The fast gate activation curve was calculated by dividing the probability of channel opening by the slow gate open probability ( Figure 2C , open squares).
Coexpression with barttin resulted in V166E rClC-K1 channels that activate upon membrane depolarization and deactivate upon hyperpolarization ( Figure 2D ). 11 Activation/deactivation could be fit with a single exponential function, resulting in time constants with pronounced voltage dependence ( Figure 2E ). Separation of the fast and slow gates demonstrated that-in the presence of barttin-the slow gate is voltage-independent and open throughout the entire voltage range ( Figure 2F ). We recently determined a maximum absolute open probability of V166E rClC-K1/ barttin channels of 1, 11 indicating that the slow gate of mutant rClC-K1 is always open in the presence of barttin. Barttin also modified fast gating of V166E rClC-K1. In the presence of barttin, the minimum relative open probability was reduced, suggesting that either the maximum absolute open probability was increased and/or the absolute minimum open probability decreased ( Figure 2 , C and F).
The Fast Gate Opens and Closes Individual Protopores and the Slow Gate Mediates Common Gating Steps of rClC-K1
As a member of the ClC family of channels and transporters, individual ClC-K channels are expected to exhibit two ion conduction pathways (protopores). 15 In double-barreled channels, two distinct types of gating transitions are possible, i.e., individual gating processes that open or close protopores separately, or common gating processes affecting both ion conduction pathways together. To separate individual and common gating processes, we performed single-channel analyses in rCIC-K1 without barttin (Supplemental Figure 1) . For WT channels, open times and open probabilities were extremely small, and a single conductance state only was observed in most patches (Supplemental Figure 1, A through E). In patches containing V166E rClC-K1, multiple conductance states were regularly observed (Supplemental Figure 1 , F through J). Such multiple states could correspond to openings of either multiple protopores or multiple channels. We were not able to distinguish between these two possibilities because the low open probability prevented accurate determination of the number of channels per patch and thus identification of deviation from binomial behavior. We therefore used noise analysis to distinguish individual and common gating processes. Ion channel noise arises from the random opening and closing of individual channels. 18 In double-barreled ion channels, noise may arise from common openings and closings of both protopores together, from gating of indi- BASIC RESEARCH www.jasn.org vidual protopores or from a combination of both. In one extreme case, characterized by all protopores with their individual gates continuously open, unitary events correspond to simultaneous openings of both protopores by the common gate. In the other extreme, common gates that are completely open and individual protopores switching between open and closed states, currents and variances will be identical to values obtained with twice the number of channels displaying the same unitary conductance as a protopore. We reasoned that if one process gates individual protopores and the other one both protopores together, a voltage protocol that results in fast activation and consecutive slow deactivation will reveal different current variances at the same current amplitude, depending on whether it is measured during the activating or the deactivating phase (Supplemental Text). Figure 3A gives the time courses of mean current amplitudes and variances at voltage protocols designed to observe activation of the fast gate and subsequent deactivation of the slow gate during the test step to Ϫ155 mV for WT rClC-K1 without barttin. Current variances calculated during this period were then plotted versus the corresponding mean current amplitude ( Figure 3B ). These plots reveal a looplike dependence, deviating from the parabolic relationship usually observed in this kind of analysis. 19, 20 Current amplitudes during the rising phase immediately after the voltage step are associated with lower variances than the variances associated with the same current amplitude during the decaying phase ( Figure  3B ). This behavior closely resembles the predictions for noise analysis of ClC channels in the case that fast gating mediates individual and slow gating common opening and closing transitions (Supplemental Text and Supplemental Figure 2 ). Similar results could be obtained for V166E rClC-K1 ( Figure 3 , C and D). Current amplitudes during the rising phase immediately after the voltage step are associated with lower variances, in contrast to the same current amplitude during the decaying phase ( Figure 3D ), indicating that-also for V166E rClC-K1-individual gating processes are fast and common ones slow.
Single-Channel Recordings Reveal the Occurrence of Double-Barreled Channels with Fast Protopore Gating in ClC-K/Barttin Channels
We next used single-channel recordings to describe the structural basis of gating in ClC-K/barttin channels. In patches containing WT rClC-K1/barttin, more than one open state was always observed (Supplemental Figure 3) . The probability of being in these different open states was binomially distributed, as is to be expected if common gates are always completely open. However, we could not exclude the fact that multiple conductance states correspond to two or more channels that exclusively display common opening and closing. For V166E rClC-K1/barttin, distinction between individual and common gating processes was made possible by a rundown process that caused time-dependent changes in channel activity after patch excision ( Figure 4 , A and B). Under these conditions, long nonconducting periods were followed by channel activity with two conductance states at positive potentials ( Figure 4 , C and D). Within these bursts the open probabilities of the two conductance states were binomially distributed (Figure 4 , E through H), indicating that the protopores gate independently of each other. Dwell times in the closed state and in the states with one or both protopores being open followed a monoexponential distribution (Figure 4 , I and J). After partial rundown V166E rClC-K1/barttin channels resemble double-barreled channels with fast individual and slow common gating. 21, 22 Figure 5 gives single-channel recordings from a human ClC-K isoform, hClCKa/barttin. Representative recordings from a cell-attached patch containing hClC-Ka/barttin showed two equally spaced conductance levels ( Figure 5A ). The distribution of the time spent in the distinct states followed a binomial distribution with open probabilities of at least 97% ( Figure  5B ). In cell-attached patches, the behavior of hClC-Ka/ barttin thus resembled a channel with two independently gated conduction pathways without a cooperative gating process. The high absolute open probabilities of hClC-Ka/barttin 14 made possible the accurate determination of the number of ion pores per patch and thus allowed another approach to distinguish individual or common gating. If the observed fast gating affects individual protopores, an even number of conductance states must be observed in each patch. In contrast, even and uneven conductance state numbers are possible if protopores are always open and only common gating processes occur. Figure 5C shows numbers of current levels. In 20 out of 22 patches containing channels, an even number of conductance levels was observed, and the number of conductance states divided by 2 followed a Poisson distribution ( Figure  5C , inset), the distribution expected if double-barreled channels are randomly inserted in membrane patches of comparable size. Moreover, in excised patches containing hClC-Ka/barttin, channel rundown caused long-lasting common closures and binomial burst behavior between these episodes ( Figure 5D ). We conclude that individual protopores are opened and closed by the fast gate also in the presence of barttin.
Modification of Unitary Current Amplitudes by Barttin
Single-channel analysis allows direct determination of unitary current amplitudes in the absence and in the presence of barttin. The unitary conductance of rClC-K1 was 33 pS with barttin and 34 pS without barttin ( Figure 6A ). V166E reduced the unitary conductance to 10 pS in the absence of barttin and 22 pS in the presence of barttin ( Figure 6B ), in agreement with earlier data. 11 Barttin modifies single-channel amplitudes only in mutant but not in WT rClC-K1.
DISCUSSION
This study demonstrates how barttin modifies gating of two ClC-K channels, rat ClC-K1 and human ClC-Ka. Rat ClC-K1 is active in the absence of barttin and displays two gating processes with different kinetics and voltage dependence (Figures 1 and 2) . Using noise analysis, we could dem- BASIC RESEARCH www.jasn.org onstrate that-in the absence of barttin-fast gating mediates individual opening and closing and slow gating cooperative processes. The variance of rClC-K1 currents assumes a smaller value when measured during fast activation than for the same current amplitude determined during slow deactivation (Figure 3) . Because a double-barreled structure is firmly established for all ClC proteins 15 and because single-channel analyses reveal equally spaced conductance levels for ClC-K channels (Figures 4 and 5, Supplemental Figure 1 ), these results indicate that the slow gates mediate common openings/closings of both protopores, whereas the fast gate mediates individual gating steps.
When cotransfected with barttin, channels display only one gating process that resembles macroscopic fast gating of the same channel in the absence of barttin (Figures 1 and 2) . Single V166E rClC-K1/barttin and human ClC-Ka/barttin channels exhibit double-barreled channels with fast protopore gating (Figures 4  and 5 ). In the presence of barttin, the open probability of the slow gate assumed a voltage-independent value (Figures 1 and 2 ). Absolute open probabilities could not be accurately determined for WT rClC-K1/barttin. However, for V166E rClC-K1/barttin and hClC-Ka/ barttin, we could demonstrate that the absolute open probability of the slow gate is 1 in whole-cell 11 and cell-attached recordings 14 (Figure 5 ), respectively. Taken together, these results demonstrate that protopore gating is fast both in the presence and in the absence of barttin and that barttin constitutively opens the common slow gate of ClC-K/barttin channels.
Patch excision modified fast gating of ClC-K/barttin channels and caused longlasting common closures of both protopores (Figures 4 and 5) . We do not know the mechanistic origin of the "rundown"-associated common closures. The effect of barttin on the slow common gate might require an intact cytoskeleton. Alternatively, common closures in excised patches might occur by mechanisms that are completely different from slow gating events in ClC-0 and ClC-1.
ClC-K channels lack the "gating" glutamate at the amino-terminal end of the F helix that is thought to be responsible for fast protopore gating. [15] [16] [17] In contrast to our expectations, WT rClC-K1 and WT hClC-Ka/barttin display such gating processes (Figures 1, 3, and 5 ). We conclude that fast gating is possible also in the absence of a protonable residue at the position of the gating glutamate. Moreover, V166E changes rClC-K1 gating in a different way, as expected. This mutation does not implement an additional gating component but inverts the voltage dependence of the pre-existing fast and slow gating processes; i.e., the fast gate is activated by hyperpolarization in WT and by depolarization in V166E rClC-K1 (Figure 2) . Moreover, time constants of activation and deactivation remain comparable for WT and mutant channels. These findings argue against E166 acting as the fast gate in this ClC isoform and suggest that the amino acid at position 166 determines only the voltage dependence of fast and slow gating (Figures 1  through 3) . The effect of barttin on slow gating of WT and V166E rClC-K1 is very similar, although V166E inverts the voltage dependence of this particular process (Figure 2) . However, barttin modifies fast gating and the unitary conductance of V166E, but not of WT channels.
All known ClC chloride channels exhibit voltagedependent gating processes. 3, 23 For most ClC channels, the physiologic significance of these gating processes is unclear. Especially, cooperative gating processes that mediate joint opening and closing of the two identical protopores have attracted much biophysical interest, 22, 24 but the functional effect of these processes has yet to be clarified. This study establishes that barttin modifies the function of the ClC-K channel by modifying cooperative slow gating. Gating of ClC-K channels and its modulation by barttin thus serve optimization of epithelial transport. Barttin is the first identified protein that modifies slow gating of ClC channels. It might represent a paradigm for new therapeutic approaches to modify renal NaCl resorption or to treat certain chloride channelopathies.
CONCISE METHODS
Channel Expression tsA201 cells were transfected with 0.4 to 7 g of a bicistronic vector that contains the coding regions of WT or V166E rClC-K1 and of the CD8 antigen (pSVL-rClC-K1-IRES-CD8), using a calcium phosphate precipitation method. 11 When indicated, a plasmid encoding human barttin was cotransfected. 11 Electrophysiological experiments were performed typically 1 to 2 days after transient transfection. For experiments in which ClC-K was expressed without barttin, channel cDNA amounts and time periods between transfection and experiment were increased. Cells were incubated for at least 5 minutes before use together with polystyrene microbeads precoated with anti-CD8 antibodies (Dynabeads M-450 CD 8; Dynal, Great Neck, NY). Only cells decorated with microbeads were used for electrophysiological recordings. 11 In some of our experiments fluorescence protein-tagged constructs (YFPrClC-K1, YFP-hClC-Ka, and barttin-CFP 13 ) were used.
Electrophysiology
Standard whole-cell and excised inside-out patch-clamp recordings were performed using an Axopatch 200B amplifier (Molecular Devices, Sunnyvale, CA) as described. 25, 26 Pipettes were pulled from borosilicate glass and had resistances between 1.0 and 2.0 M⍀ for wholecell recordings and 2 to 26 M⍀ for single-channel recordings. For noise analyses and single-channel experiments, pipettes were covered with dental wax to reduce their capacitance. More than 80% of the series resistance was compensated by an analog procedure, resulting in calculated voltage errors Ͻ5 mV. Cells/patches were clamped to 0 mV for at least 5 seconds between test sweeps. The standard extracellular solution contained the following (in mM): NaCl (140), KCl (4), CaCl 2 (2), MgCl 2 (1), HEPES (5), pH 7.4. The standard intracellular solution contained the following (in mM): NaCl (120), MgCl 2 (2), EGTA (5), HEPES (10), pH 7.4. For cell-attached patches KCl (140 mM) substituted for NaCl in the bath solution and pipettes were filled with standard extracellular solution. Liquid potentials were calculated and subtracted a priori.
Data Analysis
The data were analyzed with a combination of the pClamp9/10 (Molecular Devices) and SigmaPlot (Jandel Scientific, San Rafael, CA) programs. Isochronal current amplitudes were measured immediately after capacitive current relaxation, i.e., usually 0.5 milliseconds after the voltage step. All values are given as mean Ϯ SEM.
To determine the time course of macroscopic current activation and deactivation (Figures 1 and 2) , the sum of a monoexponential or biexponential function and a time-independent value (I(t) ϭ a 1 exp(Ϫt/ fast ) ϩ a 2 exp(Ϫt/ slow ) ϩ c) was fit to data recorded during a series of voltage steps from different holding potentials. For WT rClC-K1 without barttin, fast deactivation time constants at positive potentials were determined after a hyperpolarizing prepulse. Fast deactivation time constants of V166E rClC-K1 at hyperpolarizing holding potentials were determined from monoexponential fits to fast current relaxations after a short (5 milliseconds) voltage step to ϩ180 mV. Slow deactivation at positive potentials was studied after a hyperpolarizing prepulse to Ϫ135 mV.
To obtain the relative probabilities of channel openings, isochronal current amplitudes 500 microseconds after stepping to Ϫ125 mV (ϩ105 mV for WT rClC-K1/barttin) were plotted versus the voltage of a preceding 300-to 600-millisecond pulse and fit with a modified Boltzmann equation, exhibiting a voltage-independent minimum open probability (P min ) and a voltage-dependent term: P(V) ϭ (P max Ϫ P min )/(1 ϩ e z␦F(V Ϫ V0.5)/RT ) ϩ P min , with z␦ being the apparent gating charge, P max the maximum open probability, and V 0.5 the midpoint of activation. Open probabilities of V166E rClC-K1 were normalized to maximum values obtained from the Boltzmann fit. WT channels without barttin exhibit a very shallow voltage dependence, preventing extrapolation of the maximum open probability. We therefore arbitrarily normalized slow gate activation curves to a relative open probability of 0.5 at ϩ125 mV and fast gate activation curves to 0.5 at Ϫ125 mV ( Figure 1C) . To determine the voltage dependence of the slow gate open probability in V166E rClC-K1, we inserted a short step to ϩ180 mV (2 to 5 milliseconds) that fully activated the fast gate (Figure 2, C and F) .
Single-Channel Analysis
Single-channel recordings were performed in the inside-out configuration with pipettes containing the standard extracellular solution and cells bathed in the standard intracellular solution. Currents were sampled at 50 kHz and filtered at 200 to 500 Hz. We found ClC-K channels in 34 out of 74 patches from cells expressing ClC-Ka/barttin, in 17 out of 41 patches expressing rClC-K1 alone, and in 21 out of 41 patches with rClC-K1/barttin. For V166E rClC-K1, 27 out of 100 patches contained the channel alone and 36 out of 94 patches coexpressing barttin contained V166E rClC-K1/barttin channels. Single channels were identified using the following criteria: (1) Comparable single-channel behavior was repeatedly observed only in patches from cells expressing the particular isoform; (2) Single-channel current amplitudes were determined from allpoints amplitude histograms of single-or multiple-channel recordings at various potentials and fit by Gaussian distributions. The relative areas of the different Gaussian components were used to estimate absolute open probabilities. Log-binned dwell-time data were fitted monoexponentially using maximum likelihood estimation. 27 For hClC-Ka/barttin the number of pores per patch ( Figure 5 ) was determined by counting the maximum number of conductance levels in long-lasting recordings at positive potentials. 28 
Noise Analysis
Nonstationary noise analysis was performed as described. 25 Currents were filtered at 10 kHz and digitized with a sampling rate of 50 kHz. A series of 50 to 200 records were recorded by pulsing to a certain voltage, and pairs of subsequent records were then subtracted using the Analysis software (kindly provided by Dr. F. Bezanilla, University of Chicago, Chicago, IL) to compute the experimental nonstationary ensemble variance. 29 The variance points were sorted into evenly spaced current bins, and the statistical errors caused by averaging were superimposed as error bars. For some experiments, the analysis was repeated after digital filtering at 1 kHz without any difference in outcome.
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Supplemental Text Noise analysis of double-barreled ClC channels
For channels with only a single conducting level, the current variance 
Using these values, mean values (<i>) and variances (σ 2 ) of the current can be calculated (Figures 1 and 2) , a loop-like variance vs. mean current plot is expected (see Figure 3 and supplemental Figure 2) .
equation (6) can be converted into
Simulated variance vs. mean current relationships for ClC-K-type chloride channels
We next simulated variance vs. mean current relationships for double-barreled channels under several conditions. Supplemental WT rClC-K1/barttin
